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ELECTRIC CHARGES  CARRIED BY  THE  HEMOLYSINS. 
BY OSCAR TEAGUE AND B. H. BUXTON. 
(From  the  Department  of Experimental Pathology, Loomis Laboratory,  Cornell 
University Medical  College,  New  York.) 
Field  and  Teague  1  have  recently  shown  that  toxins  and  anti- 
toxins under  the  influence of the electric current  migrate  toward 
the cathode, and in a  second series of experiments they found that 
the  agglutinins  of  typhoid  immune  serum  also  travel  toward 
the cathode. 
With hemolysins the conditions are somewhat more complicated 
than with toxins or agglutinins owing to the presence  of two  fac- 
tors,  amboceptor and complement, being necessary to complete the 
hemolytic system.  It has  been  shown by Lillie  2 and  Henri  3 that 
red  corpuscles  migrate  toward  the  anode  in  an  electric  current. 
Provided,  therefore,  that  neutralization  of  electric  charges  is  a 
factor in the combinations necessary to effect hemolysis, one would 
suppose that the immune bodies should travel towards the cathode 
and  the  complement  toward  the  anode.  We  have  indeed  de- 
termined  that  hemolytic immune  bodies  migrate  in  the  direction 
of  the  cathode,  but  our  experiments  indicate  very  strongly  that 
complement  also  travels  in  the  same  direction. 
The  immune serums  were  procured  by  inoculation into  rabbits, 
of ox and  horse  corpuscles,  washed  free of serum,  and  suspended 
in  an  equivalent amount of  salt  solution,  the  blood  being  drawn 
from the ear or the carotid after intraperitoneal injection of thirty 
to  forty cubic centimeters of the  corpuscles  in  individual doses  of 
five to six cubic centimeters.  The  immune serums are  designated 
as rabbit v.  horse and rabbit v.  ox.  For complement fresh normal 
rabbit serum has been used throughout.  The accompanying tables 
refer, some to rabbit v.  horse, and some to rabbit v.  ox sermn, but 
1  Your. of Exp. Med., 19o7, ix, 86. 
2  Am. Your. Phys.,  19o3,  viii, 273. 
Compt.  rend.  Soc.  de  Biol.,  19o4,  lvi,  867. 
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the results with both kinds of serum have been practically identical. 
There have been slight  variations  from one experiment  to another, 
but variations of degree only, not of kind,  and  the tables have been 
selected from the more typical experiments. 
The  first  cell  used  was  similar  to  that  devised  by  Field  and 
Teague  for  their  experiments  with  toxins  and  antitoxins,  and  is 
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shown  in  Fig.  I.  But  instead  of  the  platinum  electrodes used  by 
them  we  substituted  copper  and  zinc,  so that  by  surrounding  the 
copper  electrode  (cathode)  with  copper  sulphate  and  weighing  it 
before  and  after  the  experiment  we  were  able  to  determine  the 
average  current  passing  through  the  cells.  By  surrounding  the 
zinc  electrode  with  zinc  sulphate,  polarization  was  avoided,  and 
a  more uniform current  obtained.  The ordinary lighting  circuit of 
IiO  volts  was  used  throughout.  In  Fig.  I  the  semicircular  tubes 
A, C, D, D, contain  one per cent.  agar  made up with  physiological 
salt  solution,  and  salt  solution  is  also used  in  Cells  a  and  c,  while 
the  center  cell  contains  the  serum  to  be  tested.  In  order  to  be 
certain  that  no  change  in  the  reaction  of  the  central  parts  of  the 
apparatus  should  occur  during  the passage  of the  current  the  two 
outer agar  tubes,  D, D,  were made slightly alkaline  and  a  trace  of 
phenolphthalein  added.  It  was  found  that  a  considerable  amount 
of acid travelled  from the  anode and  quickly decolorized the  anode 
tube,  D,  which  was  therefore  changed  several  times  during  the 
course  Of  each  experiment.  Repeated  tests  showed  that  under 
these  conditions,  there  was  no  perceptible  change  in  the  reaction 
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plan  was to suspend  the  red  corpuscles  in  the agar  of the  tubes  A 
and C and watch their progressive destruction as the current carried 
the  antibodies  from  the  serum  through  the  agar  in  one  direction 
or the other. 
Test.--Sensitized red corpuscles  (ox or horse)  suspended  were  in  the agar 
,4, C, and fresh normal  serum  (complement)  in center cell of Fig.  I.  The result 
was  negative.  No destruction  of red  corpuscles  occurred in  either of the agar 
tubes.  Repeated and varied  experiments  on these lines always ended in  failure. 
The red corpuscles in the agar tubes never showed any signs of hemolysis. 
The next plan  adopted  was  to fill  the  agar  tubes  .4  and  C  with 
plain  agar  made  up  with  salt  solution,  and,  after passing  the  cur- 
rent  for four or five hours with serum  in  the center cell,  to cut up 
the  agar  into  pieces  indicated  by  the  numbers  in  Fig.  I.  Each 
piece  of  agar  was  then  rubbed  down  in  a  mortar,  extracted  over 
night  in  the  ice chest  with  four cubic  centimeters  of  salt  solution, 
and  the  extracts  tested  next  day  for  their  hemolytic  properties. 
This procedure was  the same  as that adopted by Field and  Teague 
for  their  experiments  with  toxins. 
In  making  the  tests  given  in  the  accompanying  tables  we  have 
always  used  a  total  of  I. 5  cubic  centimeters  of  fluid  in  each  test 
tube  composed  of: 
I.  The immune serum,  .5  c.c. 
2.  The complement serum,  .5  c.c. 
3.  Five per cent. suspension of the corpuscles.  .5 c.c. 
If therefore we  find  in  the  tables  that  complement serum  o. 3  dilu- 
tion has  been used,  the final dilution  in the  test  tube is  o.I,  or one 
third of the dilution as given in the table.  The same applies to the 
immune  serum,  the  final  dilution  being  always  one  third  of  that 
given  in  the  tables. 
Experiments ze~th cell shown in Fig.  z.--Agar extracts. 
Table  I.--In center cell is inactivated  (56 °  C.)  immune serum.  Agar extracts 
are tested next day with complement.  The cathode extracts, I, 2 and 3,  hemolyze 
the  red  corpuscles,  indicating  that  the  immune  bodies  travelled  into  the  semi- 
circular agar tube, C, in the direction of the cathode.  The anode extracts, on the 
other hand, are  not hemolytic. 
Table  II.--In center cell is  fresh immune serum, L e., complement and  immune 
bodies together ; the agar extracts are tested next day with red cells.  The  results 
are negative.  The hemolytic principles of the fresh immune serum do not appear 
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Table  III.--The extracts of Table  II  are treated with complement.  The table 
shows  that  the  cathode  extracts,  I  and  2,  contain  immune  bodies  which  have 
travelled  towards  the  cathode,  but  the  complement of  the  fresh  immune  serum 
has  not  travelled  with  them,  or  Table  II  would  have  shown  positive  results 
at  the cathode end. 
Table  IV.--In  center  cell  is  fresh  normal  serum.  Agar  extracts  are  tested 
next  day  with  inactivated  immune  serum.  The  results  are  negative.  There  is 
no  indication  that  the  complement of  the  fresh  normal  serum  has  travelled  in 
either direction. 
Conclusions with Cell/.--Immune  bodies travel toward the cathode, but there 
is no indication that complement travels in  either direction. 
Since  the  results  with  complement  had  so  far  been  negative, 
certain  possible reasons for  failure  were  taken  into  consideration. 
i.  During the experiments the agar tubes became warmed owing 
to  resistance  to  the  electric current.  The  heating  might  be suffic- 
ient  to  destroy or weaken  the complement. 
2.  Complement  may  be absorbed  by the  agar. 
To meet the first of these possible reasons for failure the cell was 
modified in  such a  way that the serum and the agar  tubes could be 
packed  in  ice during  the  course of the  experiment.  Fig.  2  shows 
this  form  of cell,  the principle  being the same as with  Cell  I,  but 
with the serum in a closed tube attached by rubber joints, ]  J, to the 
semicircular agar  tubes. 
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With  this  cell  immune  bodies could  again  be shown  to  migrate 
readily  towards  the  cathode,  but,  as  with  the  first  cell,  tests  with 
complement were always negative.  No  complement could ever be 
demonstrated  in the agar  extracts.  It has  seemed probable,  there- 
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It  has  for  some  time  been  well  established  that  complement  is 
absorbed and neutralized  by organ cells, bacteria, yeast, specific pre- 
cipitates,  and  similar  substances  even though  the  complement  may 
have no apparent  action upon the agents of its absorption.  Among 
the  more  recent  experiments  are  those  of Landsteiner  and  Stank- 
ovich, *  who  demonstrated  absorption  of  complement  by  various 
inert  substances  in  suspension  or  in  colloidal  solution,  kaolin. 
casein,  glycogen, and  certain  lipoids,  such  as  cholesterin.  Table 
V  shows that  agar also has this neutralizing  action on complement. 
Fresh normal  serum,  after treatment  with agar has no complemen- 
tary  action  on  immune  serum,  whereas  the  same  serum  merely 
filtered through  gauze is quite active. 
To eliminate  the absorption of complement by agar several other 
cells  were  devised  and  tested,  but  the  only  one  which  afforded 
satisfactory  rsults  (Fig.  3)  consists  of  a  glass  tube  divided  into 
three  compartments  by two  stopcocks.  The  whole  of  the  tube  is 
filled with  the  serum to be tested,  and  the two outer chambers  are 
connected  by a  rubber  joint,  J,  with  curved  agar  filled  tubes;  the 
distal  ends  of  the  curved  tubes  being  dipped  into  cells  containing 
salt  solution  and  corresponding  to  Cells a  and  c in  Fig.  I.  While 
attaching  the curved agar  tube to the cell it  is necessary to  stick  a 
small  capillary  glass  tube  into  the  rubber  to  allow  some  of  the 
serum  to  escape.  If  this  precaution  is  not  taken  the  increased 
pressure  will  force  the  agar  out  of  the  curved  tube.  Once  the 
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agar  tube  is  in  position  the  capillary  can  be  taken  out  and  the 
minute hole in the rubber closes up of itself,  During the passage of 
the  current  the  cell  is  packed  in  ice  to  prevent  heating. 
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After  the  current  has  passed  for  four  or  five  hours  the  stop- 
cocks are closed, and the contents  of each chamber A,  6",  M,  col- 
lected separately and tested for complement content. 
Table  VI  shows  that  on  addition  of  immune  serum  the  fluid 
from the cathode chamber, C, is distinctly more hemolytic than the 
fluid  from the anode chamber, A, while the fluid  from the central 
chamber M,  holds an intermediate position.  It  appears  from the 
table  that  the  C  fluid  is  always  just  one dilution  ahead  of  the A 
fluid,  so  we may conclude that  it  contains approximately twice as 
much complement.  It  is probable,  therefore, that  complement has 
a  tendency to migrate towards the cathode, and may consequently 
be  regarded as  carrying a  positive  charge. 
There is, however, the possibility that the amboceptors of normal 
serum  form  a  loose combination  with  complement,  so  that  the 
complement might be dragged  along  in  the current by the  ambo- 
ceptors,  itself  remaining passive.  But  the balance  of  evidence is 
decidedly  against  the  probability  of  any  such  combination,  and, 
without discussing the subject in  detail  we may simply say we do 
believe that  it  occurs with  either hemolytic or bacteriolytic ambo- 
ceptors. 
In  the  course  of  a  number  of  experiments  with  this  cell  the 
chamber,  C,  has  always  contained  approximately  twice  as  much 
complement as  the  anode  chamber,  A,  although  occasionally the 
center cell,  M,  shows  as  much  as,  or  even  slightly  more comple- 
ment than  C.  We  are  inclined  to  attribute  this  occasional  slight 
excess in M  to some absorption of the complement in C by the agar 
with which it is in contact. 
As a control for the experiments with complement serum we have 
also made some tests with immune serum in  Cell  III,  as shown in 
Table VII.  We find from this table  that,  on  addition  of comple- 
ment, the fluid in  chamber C  is  approximately twice as  hemolytic 
as  that  in  chamber  A.  This  corresponds  very  closely  with  the 
relative  strength  of  the  fluids  observed  in  the  experiments  with 
complement of normal  serum. 
Since we  already know that  immune bodies travel  towards  the 
cathode,  and  under  the  conditions  afforded  by  Cell  III,  do  not 
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rnent as  going  far  towards confirming the  view  that  complement 
also tends to travel in the direction of the cathode. 
Hemagglutinins.--Field  and  Teague  5 have  shown  that  typhoid 
agglutinins migrate towards the cathode, and  in  the course of our 
experiments with hemolysins we have been able to demonstrate the 
same  for hemagglutinins,  as  shown  in  Table  VIII.  The  cathode 
extracts agglutinate red corpuscles but the anode extracts do not. 
Summarizing all  experiments so  far as they have gone, we may 
observe that  Field  and  Teague have  shown  that  toxins  and  anti- 
toxins  (diphtheria  and  tetanus)  tetanolysin,  antitetanolysin,  and 
typhoid  agglutinin  travel  towards  the  cathode.  The  experiments 
detailed  here  show  that  hemolytic  amboceptors,  hemagglutinins, 
and  probably  also  complement  travel  towards  the  cathode.  Ap- 
parently, then, all the active principles of serum concerned in anti- 
reactions have a  tendency to migrate towards the cathode. 
TABLE I. 
Serum  rabbit  v.  ox  (560  C.)  undiluted.  Hemolytic  value  o.ooi. 
Current  for  five hours.  Amperes,  0.o36. 
Extracts.--Agar tubes divided  into six pieces.  Each piece extracted  with  four 
cubic  centimeters  of  salt  solution,  kept  on  ice  overnight,  and  tested  next  day 
with  complement. 
Agar  Extract 0.  5 c.c. 
Anode extract  I. 
Cathode extract  I. 
Salt solution. 
Complement. 
o.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0. 3 
0. 3 
Ox Cells. 
0. 5  C.C. 
0. 5 
0. 5 
0.5 
0. 5 
0.5 
0.,5 
0.5 
o. 5 
Hemolysis in 
3  Hours.  I  2(Hours. 
---  ]  M 
m  I  m 
+++  +++ 
+++  +++ 
+  ++ 
TABLE II. 
Fresh  immune serum  rabbit  v.  ox  undiluted.  Hemolytic  value  .ooi. 
Current  for  five  hours.  Amperes,  o.o34. 
In  each tube:  Agar extract,  o.5  c.c.;  salt solution,  o.5  c.c. ;  ox cells, 0.5  c.c. 
Agar Extract o. 5 c.c. 
Anode extract I. 
Hemolysis in 24 Hours. 
m 
Agar Extract 0. 5 c.c. 
Cathode extract I. 
~l  **  4. 
Hemolysis in 24 Hours. 
w 
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TABLE  III. 
Serum  and  current  as  in  Table  II. 
In each tube :  Agar extract, 0.5 e.c. ;  complement serum at  ~  dilution,  0.5 c.c. ; 
ox  cells,  0.5  c.c. 
Agar Extract 0.5 c.c. 
Anode extract I.  I 
"  2.  j 
....  3.  i 
"  "  4. 
Hemolysis in 
I  Hour.  24 Hours. 
Agar Extract o 5 c.c. 
I Cathode extract I. 
!  ....  3. 
~6  ~C  4" 
Hemolysis in 
x Hour.  24 Hours. 
+++  +÷+ 
++÷  ÷÷+ 
TABLE  IV. 
Fresh  normal  serum,  undiluted. 
Current  four hours.  Amperes 0.035. 
In each tube:  Agar extract,  0.5 c.c. ;  immune serum rabbit v.  ox at  ~  dilution, 
0.5  c.c. ;  ox cells, 0.5  c.c. 
Agar Extract 0. 5 c.c.  Hemolysis in  Agar Extract o. 5 c.c.  Hemolysis in 
2  4 Hours.  ~4 Hours. 
Anode extract I.  --  Cathode extract I.  -- 
....  3.  --  ....  3.  -- 
"  "  4.  --  "  "  4-  -- 
TABLE  V. 
Normal  serum  ~  dilution,  mixed with pieces  of crushed  agar,  and  allowed  to 
stand  overnight  in  ice  chest.  Next  morning  filtered  through  gauze. 
In  each  tube:  Filtrate,  o.5  c.c.;  rabbit  v.  horse  serum  (~  dilution),  o.5  c.c.; 
horse" cells,  o.5  e.c. 
Serum  0.2  dilution  fil- 
tered through gauze. 
Ditto. 
Ditto. 
i/2 
I/4 
Homo,ysis,o  ,11  Homol.isio 
------  ]  "" 
Hour.~3  Hours.lj  I  I~  I  ----']  "  :  x Hour  3 Hours  I 
Serum 0.2 dilution+agar: 
-]÷  +~-~-!i  and  filtered  through  I 
T e.  +  gauze  f,/,!  -  -- 
Ditto.  !I/2]  --  I  -- 
Ditto.  i114  --  /  -- 
Fresh  normal  serum  after  treatment  with" agar  has  no  complementary  action 
on  immune  serum,  whereas  the  same  serum  merely  filtered  through  gauze  is 
active. 262  Electric  Charges Carried  by  Hemolysins. 
TABI~  VI. 
Stopcock  cell,  Fig.  III,  containing  normal  serum,  ~  dilution 
Current  for  four  hours.  Amperes,  o.o2. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
IOI 
I1 
I2 
x3! 
141 
Fluid from Compart- 
ments. 
Anode A.  I /  I 
~'~  I[2 
Center M.  I / t 
I*  I/2 
Salt sol. 
Salt sol. 
Dilution of  Immune 
Serum 
Fluid.  IR  ' v. Ho~e.i 
.I 
.! 
.I 
.! 
.! 
.I 
.I 
.! 
.I 
.I 
o! 
.I 
Salt sol. 
Hol 
Cel 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
o.5 
0.5 
0.5 
0.5 
0.5 
0.5 
3  °  rain. 
+ 
÷++_÷ 
r Hour. 
%+÷ 
+++ 
+++ 
+ 
4  Hours. 
+++ 
++ 
Trace. 
+++ 
+++ 
++ 
Trace. 
+++ 
+++ 
+ 
TABLE  VII. 
Stopcock cell, Fig.  III,  containing  immune  serum,  rabbit  v.  ox,  dilution  T~¢. 
Current  four  and  one  half  hours.  Amperes,  .oz. 
3 
4 
5 
6 
7 
8 
9 
IO 
I1 
I2 
Fluid from Chambers 
o  5c.c. 
Anode A 
Cathode C 
lc 
Dilution of 
Fluid. 
x/i 
x/2 
~/4 
t/8 
i/i6 
1/32 
I/z 
I/2 
1/8 
1/16 
1/32 
Normal  Hemolysis in 
Serum  Ox Cells. 
i  H'our 
o.5 ....  --  3  ° Min:  2Hours--  3 H .... 
--i'  0.5  +++  ++÷ 
!  05  +++  I  +++  I 
0.5  ++  /  ++  ] 
0.5  J  Trace  J  +÷ 
O'5  --  I  -- 
O'5  --  I  -- 
0.5  J+++  +++ 
0.5  +++  ++÷ 
0.5  +++  +++ 
0.5  +  ++ 
0. 5  --  "Trace 
0. 5  .--  __ 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
++ 
Nozz.--The  fluid  of  the  center  chamber  was  not  appreciably  different  in 
hemolytic power from that  of the cathode  chamber. 
TABLE VIII. 
Hemagglutinin.--Cell,  Fig.  II,  with  rabbit  v.  horse  serum  (56°),  undiluted. 
No complement added. 
Current  four  hours.  Amperes,  o.27. 
Agglutluauon  m  A  ar Extr  ct  H  e  Agglutmatzon  ta  Agar  Extract  Horse  "  "  "  g  a  ors  "  "  " 
o.5c.c,  k  Cells  ~  --[[  o.5c.c,  i  Cells.  I  ~T.~-.~  --  __  ____  30  ~,,n.  3  ~ou~.  .....  30  7'"_~"  3~°u~sL 
I  Anode extract  I  0. 5  --  --  Cathode extract I  0. 5  -~-~-  .-~--,~-  --~ 
2  ....  2  o.5  [  ......  2  o.5  +  +++ 
3  "  "  3~  o5  ~  --  --  "  "  3  o5  --  + 
,  ....  ,I  o:51  -I  _  rl  ....  41  o:5r  -  I  - 